Introduction
Inputs of mercury (Hg) from anthropogenic emissions to the environment have led to enhanced loads of Hg in terrestrial and aquatic ecosystems, contributing to fish Hg concentrations well above the European Union standards for good chemical status in Fennoscandia (Åkerblom et al., 2014) . There is mounting evidence that forestry operations can increase the concentrations and loads of Hg to surface waters by mobilizing Hg from the soil (Eklöf et al., 2014) . There are also calls to increase forest harvesting as a means of mitigating climate change, but long-term strategies for decreasing emissions of carbon dioxide (through intensified forestry) may also lead to increased transport of Hg from forest soils to aquatic ecosystems as a result of forestry operations. Forestry does not, however, contribute to an increase in Hg levels in forest soils, and it is not clear how much forestry's impact on downstream Hg can be mitigated by altering forestry practices. Even if forestry operations could be managed in such a way as to make no contribution to Hg mobilization, this alone will not solve the general problem of high Hg levels in aquatic biota (Eklöf et al., 2016) .
Thus, while the fact that forestry operations exacerbate Hg problems in aquatic ecosystems in the forest landscape is a problem that needs to be handled, at the same time the task of allocating responsibility as well as developing relevant and viable management strategies is extremely complicated. It appears to be a "wicked" problem -one that is incomprehensible and resistant to solution (Rittel and Webber, 1973) . The goals for forestry and Hg in fish are at odds with each other, the problem is characterized by uncertain knowledge, and there is no suitable regulatory framework for resolving the situation. We thus have a highly problematic governance situation, and the question arises of how to address this seemingly unresolvable problem. Is there a way to work toward a solution, if not a definitive one then at least a provisional one? And how much responsibility should the forest sector accept for a problem in which it plays a role, but is not the sole or ultimate cause?
It seems virtually impossible at present for any negative environmental condition to be successfully transformed into a political problem without scientific support in the form of data and analysis (Lidskog, 2014) . But receiving scientific support is not sufficient; awareness of the problem also needs to be spread more widely in society, or at least to policy-makers. It is through organizations' claimmaking activities that particular problems climb on political agendas and opportunities for concerted action are created (Hannigan, 2014) . Furthermore, environmental problems are responded to by changing policies and regulatory frameworks, as well as organizational and individual behaviors. This is mainly accomplished by means of legislation, economic incentives, and norm distribution (Hood et al., 2001) . Also, many environmental problems involve non-environmental aspects, not least economic and social issues. This leads to disagreement and contestation about hierarchies and priorities, and to trade-offs between different goals. Environmental problems are thus co-constructed by processes in nature and society, making both natural science and social science important to understanding the particular character of an environmental problem and finding options for action (Lidskog, 2014; Nordin and Sandström, 2016) . This is clearly visible in the case of the topic of this paper: forestry and Hg in aquatic ecosystems. Natural science is needed to refine our understanding of the links between Hg output from soils to Hg bioaccumulation in aquatic ecosystems and of why there is such great variation in the effects of forestry operations on Hg output. But social science is also needed to investigate the social processes that have made it into a political problem, as well as to explore the societal factors conditioning its handling. For a problem like this, involving multiple stakeholders located at different regulatory levels and holding different interests, there is no simple and straightforward way to find viable and legitimate options for action.
In light of the seemingly wicked nature of the problem, the aim of this paper is to explore the potential to apply a risk governance perspective to the issue of forestry's effects on aquatic Hg as a way to make this issue governable. We ask to what extent it is possible to develop partial and provisional courses of action that can be accepted by involved stakeholders. It is not within the scope of the paper to discuss in detail options for dealing with the problem of Hg export from Sweden's managed forest landscape, but we do elaborate on potential directions for future work. Due to the scarcity of written material from stakeholders on this issue, a workshop with stakeholders, based on a structured dialogue, was chosen as the primary method to gather empirical material about possible ways forward.
The paper consists of five sections, including this introduction. In the next section, the environmental problem and the regulatory context are presented. The third section presents the study itself -the theoretical approach and the empirical material used. The fourth section investigates how the stakeholders understand and address the problem of bioaccumulation of Hg in aquatic ecosystems. In compiling their views, we stress three central dimensions of risk governance: risk assessments, scaling activities, and responsibility allocation. The fifth section discusses the results, stressing the need to modify the current regulatory system in Sweden as well as discussing whether certain environmental objectives adopted at the EU or national level should be revised. The section concludes by asking what can be learned from this case and considering its relevance for other issues.
The problem complex

Hg in Swedish lakes
Long-range atmospheric transport of Hg has caused contamination in aquatic ecosystems far from the emission sources and contributes to the high levels observed even in remote areas. Mercury policies that address environmental and human health risks have developed over 50 years, including international regulatory instruments to reduce emissions of mercury to the atmosphere (Selin and Selin, 2006) . Efforts to decrease Hg concentrations in the atmosphere and deposition to forests will eventually lead to decreased Hg loads to aquatic ecosystems (Meili et al., 2003) . Until then the dominant exposure route of Hg to humans will remain via consumption of fish, or in some areas rice (Mergler et al., 2007; Rothenberg et al., 2014) . But the link between Hg deposition and Hg accumulated in food-webs is complex, making it unclear to what extent and in what timeframe reduced Hg deposition will have an effect on Hg concentrations in biota.
In early 2000, the role of forestry in this problem was recognized in Fennoscandia (Bishop et al., 2009) . Research provided tentative but very alarming results on mercury in fish as a result of conventional harvest operations. Simultaneously stump harvesting came up as a way to intensify forestry and thereby contribute to national climate goals. The environmental organizations involved in the certification of forestry pointed to the lack of data on water quality effects (e.g. mercury mobilization from soils) as a reason for postponing a decision on stump harvesting. As a result public agencies financed research on this issue. Parallel to this, the introduction of the European Union's Water Framework Directive (EP, 2000) , as a basis for managing Sweden's waters and aquatic ecosystems, helped make water issues a more central concern for forestry.
The management of high Hg concentrations in Swedish aquatic ecosystems is complex, and involves many aspects at different regulatory levels. According to the Water Framework Directive (WFD), water management is conducted in six-year management cycles (the first cycle ended in 2009, the following cycle in 2015, and the current cycle will end in 2021), where different workflows (monitoring, classification of water bodies, and establishment of management plans) recur at regular intervals. The aim of this work plan is to improve water quality and reach good ecological and chemical status in water bodies. This management tool is complemented by the National Environmental Quality Objective (NEQO) "A Non-Toxic Environment," which states that within a generation "concentrations of non-naturally occurring substances will be close to zero and their impacts on human health and on ecosystems will be negligible. Concentrations of naturally occurring substances will be close to background levels" (http://www.miljomal. se/Environmental-Objectives-Portal). However, in all (> 99%) of Sweden's 100,000 lakes, Hg levels in fish exceed the EU limits for good chemical status (0.02 mg Hg/kg wet weight, Directive 2008/105/EC) and are thus classified as not having good chemical status, and also exceed the targets set within the NEQOs. The ultimate origin of much of this Hg is anthropogenic emission of Hg to the atmosphere associated with industrialization over the past century. Some of this Hg is converted by methylating bacteria to MeHg in soils and sediments. This MeHg can enter the aquatic food chain, accumulate in living organisms, and biomagnify higher up the food chain. Forest harvest operations can increase the loading of MeHg to aquatic ecosystems in several ways, such as through elevated groundwater levels, changed catchment flow pathways, and rutting (Shanley and Bishop, 2012) .
The most recent survey of studies on forestry's impact shows a broad range of responses in the loading of Hg to surface waters and to downstream aquatic ecosystems, from none to several hundred percent increases that persist for many years (Eklöf et al., 2016) . This variation in response has several potential causes, including the way that forest operations were carried out, but also spatial variation in the sensitivity of ecosystems to forest management. The large variation in the Hg concentration response necessitates caution when drawing general conclusions for specific sites. Nonetheless an earlier estimate (Bishop et al., 2009 ) that somewhere between 10 and 20% of the Hg in Swedish freshwater fish results from forest harvest operations still appears reasonable and was arrived at independently by a new analysis (Kronberg et al., 2016) .
Since Hg levels in fish exceed the EU criteria for acceptable Hg levels (0.02 mg/kg) in almost all Swedish lakes, and exceed even the much less restrictive human consumption limits recommended by the WHO (0.5 mg/kg) in more than half of Swedish lakes (Åkerblom et al., 2014) , even the complete removal of forestry's effects would not reduce Hg levels to close to or below the EQS set by the EU and WHO. When it comes to measures that could mitigate forestry impacts when conducting harvest operations, the recommendations are in general agreement with those for good harvest practices for addressing other concerns. These measures include riparian buffer zones, bridges for crossing watercourses, and avoidance of rutting. There is currently no quantification of how much these measures will reduce the effect of forestry. The uncertainty in the problem complex is further complicated by the fact that human factors besides forestry influence the Hg concentrations in freshwater fish. One example is the role of atmospheric deposition of anthropogenic sulfate that can promote the bioavailability of Hg (Åkerblom et al., 2013) . Since forestry contributes to many ecosystem services, forest managers have to balance different goals and navigate between different interests, where reducing forestry's contribution to Hg accumulation in aquatic ecosystems is only one priority among many.
The Swedish forestry model
Sweden is a heavily forested country with a large, export-oriented forest sector. The current forestry regime, often designated as the Swedish Forestry Model, has two main components (both based on the Forestry Act of 1993). The first is that the goal of preserving the environment should be given the same importance as the goal of high wood production. The second is that the governing principle of forest management is based on the concept of "freedom with responsibility." This means that the principles for forest use are laid out in a set of rules, while the Government mainly limits its action to providing information, advice, and recommendations (Beland Lindahl et al., 2017; Löfmarck et al., 2017) .
With its concept of freedom with responsibility, however, the model puts the Forest Agency -the national authority in charge of implementing the forest policy -in a difficult position. The Agency is responsible for seeing to it that forest owners take suitable precautions to protect the natural environment when conducting forestry operations, and one of these goals is not to degrade water quality. To accomplish this the Forest Agency has set a number of guidelines (some mandatory and some recommendations). Some of these are relevant for preventing increased mobilization of Hg, and MeHg in particular, to surface waters to surface waters (Eklöf et al., 2016) . However, even if these guidelines are relevant, they are far from enough, due to the great amount of Hg that is already stored in superficial forest soils (Alriksson, 2001) . Apart from issuing guidelines, the Forest Agency also influences forestry practice through knowledge distribution, dialogue and advisory activities (the latter often together with forest owners at the local level). Acting under the principle of freedom with responsibility requires the agency to cooperate with representatives from the forestry and environmental sectors in working toward the goal of making forestry both economically and ecologically sustainable. An example of this is the establishing of arenas where different stakeholders can meet, cooperate, and negotiate around different issues (Sundström, 2005) . One such arena concerns stakeholders' dialogue on establishing "target images" (målbilder) to provide guidance on how environmental considerations should be taken into account in forestry (Andersson et al., 2013 (Andersson et al., , 2016 . One such "target image" calls for off-road forestry transportation to be conducted in ways that avoid harmful impacts, with Hg bioaccumulation mentioned as one impact among others (Andersson et al., 2016) . This could help to achieve one of the sixteen NEQOs ("A non-toxic environment").
The approach to managing Hg concentrations in fish reflects a general shift away from the focus on local point sources that characterized environmental policy in the 1970s and toward a focus on long-range atmospheric transport of Hg (as the main sources of Hg emissions are found outside Sweden). If a lake does not live up to the standards of good chemical status, the EU WFD requires the authorities to implement effective measures to enable good status to be achieved. However, the problem of Hg in the Swedish forest landscape is extremely difficult to manage, both because of the numerous pathways and processes that contribute to establishing Hg loads to aquatic ecosystems and because of the specific character of the Swedish forest sector with its distributed responsibility. Mercury management is further complicated by the Forest Agency being only one of several authorities responsible for controlling Hg levels in the environment. The Swedish Environmental Protection Agency is the main responsible authority, but at least five other public agencies at the national and regional levels are responsible for aspects of this issue.
1 When it comes to water quality, the standards are set by Sweden's five water districts in accordance with the WFD, the NEQOs, and the Forest Agency's mandatory and recommended guidelines for protecting water quality in general. Some of these guidelines and recommendations are suitable for reducing mobilization of Hg to surface waters, for example promoting the use of ground protection when driving logging machinery across wet areas, and leaving buffer zones near streams, wetlands and lakes, in which practices such as forest harvest, stump harvest and/or site preparation are restricted.
3. The study
Approach: risk governance
All problem solving is based on a particular understanding that makes it possible to imagine a problem, diagnose it, and propose a relevant solution (Hajer and Wagenaar, 2003; Hannigan, 2014; Palmer, 2012) . Thus, an inability to reach a general understanding of a problem -to define it and spread the definition to a wider circle of stakeholders and decision makers -constitutes a central obstacle to problem solving in the public domain. If no general definition is agreed upon, then there is rarely any opportunity to formulate a joint plan for concerted action. Problems characterized by these inherent challenges are usually called "wicked problems" (Rittel and Webber, 1973) . Whereas "tame problems" enjoy relative consensus about both their definition and solution, and there are existing public authorities designed to solve them, this is not the case for "wicked problems." The latter kind of problem has no definitive formulation and solution; that is, there is no single best approach to tackling the problem. This kind of problem is complex, spanning different sectors, regulatory frameworks, and policy targets. It is new in the sense that there is limited experience about how to handle and solve this kind of an issue. It is uncertain, with a deficit of knowledge both about the problem's character and also, in a more strategic sense, about to what extent and in what ways actors will respond. Lastly, the problem is value-laden; involved stakeholders have different goals for their activities and therefore differ in their normative evaluation of the severity of the problem.
The concept of 'wicked problems' was originally developed in opposition to what at the time was the dominant view of planning: the rational-technical approach. This approach presupposed the existence of relevant and certain knowledge, as well as of objectives that are both distinct and do not go against other established objectives. However, in real life planners and decision-makers face much more complex and multifarious situations. Even when it is possible in principle for science to make a restricted and clear definition of a particular problem this is not sufficient, because the problem is perceived differently by different stakeholders, and also because the problem occurs in different contexts and situations that generate new sets of challenges. Thus, wicked problems cannot be solved by simple, rational-technical approaches, although this does not mean that they are impossible to tackle (Head and Alford, 2015; Roberts, 2000) .
Traditionally, three different strategies are suggested to handle a wicked problem: authoritative, competitive, or collaborative (Roberts, 2000) . In line with Head and Alford (2015) we believe that even if it is difficult to find consensual solutions to wicked problems, it is nevertheless possible to develop partial and provisional courses of action that can be accepted by involved stakeholders. However, whereas Head and Alford stress the need for more holistic ways to think about and address problems, as well as for new models of leadership that better appreciate the distributed nature of information, interests, and power, we will stress other relevant aspects to consider in addressing a wicked problem.
In response to a situation characterized by increasingly complex environmental issues, the notion of "risk governance" was developed. This refers to a body of ideas about how to deal with uncertain, complex, and ambiguous risks in more responsible and efficient ways (van Asselt and Renn, 2011; Lofstedt et al., 2011) . Fundamental ideas of risk governance are openness, transparency, participation, and reflexivity. Due to the complexity of many problems, it is important that involved experts are open to questioning the situation, that issues of uncertainty are not concealed, and that regulators are receptive to the input and participation of stakeholders. Research has also shown that in order to make this governance productive -in the sense of leading to regulatory arrangements -it is important to reduce the complexity of the issue at stake and to create a spatial identity and allocate responsibility for it (Lidskog et al., 2011) . These findings have been important for the design of the workshop dialogue and have also been used to structure and present our results section (Section 4).
Method: structured dialogue
In February 2016, a national full-day workshop was convened: Forestry and mercury in fish in Swedish lakes. How to reach the environmental objective of 'a non-toxic environment'. The background of the workshop was that Hg concentrations in fish exceed the European Union's threshold limit in almost all Swedish lakes, and there was a need to clarify the part that forestry should play in addressing this problem. The workshop, organized by the national research program Future Forests, centered on two questions: Is current environmental policy adapted to this kind of difficult problem? What responsibility does the forest sector have for the problem, and what can it do to deal with it?
In selecting workshop participants, we chose only to include those organizations that are responsible for the task: government agencies and forest owners. This means that environmental organizations were not invited to the workshop, despite the fact that they may be important drivers of change (as media also can be). The reason is that this study focuses solely on the organizations that are responsible for developing rules and changing practices to handle the Hg issue. Participants were representatives from governmental agencies (5), and forest owners, the latter comprising either forest companies (1) or forest owners' associations (2). (In total there were eight participants representing seven organizations. See Appendix A for a detailed description.) The rationale for inviting these organizations was that forestry's influence on Hg in fish was an issue that involved all these organizations. It was therefore expected that they would have opinions on how to understand and regulate the problem, as well on what decisions their own organizations should make and what they should do (in terms of both action and inaction).
Based on the fundamental ideas of risk governance -openness, transparency, participation and reflexivity -the workshop was designed to follow a specific structure for systematically collecting data (Mårald et al., 2015) . In preparation for the workshop the participants were asked to collect information about their organization's views on Hg-related issues. The workshop began with all participants presenting the collected information. First they presented their organizations' view of the problem and, in a second round, how they handled it and would like to handle it. This gave us an initial overview of the stakeholders' understandings, views and priorities in relation to the problem. In the next step, brief research presentations were made, where relevant findings from the natural as well as social sciences were presented and discussed. The third step consisted of structured discussion guided by a risk governance approach. In the fourth and concluding step, a general discussion was held, which aimed (i) to identify aspects where there was a shared understanding among the stakeholders or where there was fundamental disagreement; (ii) to collect general proposals for recommendations and guidelines; and (iii) to discuss issues of responsibility for handling the problem.
The workshop was led by the research team, and apart from short research presentations on the state of the art (from a scientific as well as a regulatory point of view), we limited ourselves to acting as facilitators and moderators of the discussion. This was in order to leave as much space as possible for the discussion. This design -a structured discussion of problem/handling/research -enabled the workshop to function as a data-collecting exploration of how the participants conceptualized and evaluated the problem, as well as a discussion of viable ways to move forward, all without neglecting the complex, contested character of the problem.
Results: from final solution to provisional handling
The workshop revealed that the participating stakeholders held a fundamental problem definition in common. They all agreed that the high Hg concentration in freshwater biota is an important problem that needs to be dealt with. They also agreed that the current regulations, with their threshold limits for good chemical status, are very problematic because the limits cannot be achieved through actions by either the Swedish forest sector or Sweden more generally. There is a need for international emission abatement agreements at both European and global levels, although even these will have little prospect of making Swedish freshwater fish safe for consumption by humans or wildlife within a generation. It is important to note that the stakeholders did not use this as an excuse to avoid responsibility for the issue; they all agreed that the forest sector has to develop measures to reduce mobilization of Hg. An often-mentioned example of proactive and voluntary measures was the sector-wide policy for how to prevent off-road traffic from causing damage during forestry operations, which was the result of a dialogue process (Berg et al., 2010) .
Already in the initial discussion it became obvious that two dominant frames influenced views on potential ways forward. One frame restricts the discussion of responsibility to the forestry sector. This casts the problem in an unsolvable form, because forestry only has the power to influence a part of the problem, namely the mobilization of Hg in forest soils and the conditions for the transformation of Hg to more bioavailable forms. If the frame only concerns processes in the forest, and forestry operations are put in focus, then no solution is available, even in a long-term perspective. Another frame focuses on the processes causing Hg deposition and Hg bioaccumulation, which makes a broader category of actors part of the solution, including forestry. It may thereby be possible to take action in the right direction, and a risk governance approach is a method to start a deliberative process on how to make the issue governable. When brought to the attention of the participants, the risk governance approach was deemed preferable to regulatory or competitive governance approaches.
From a governance perspective, the task is to render the issue of Hg in environments manageable. Research has shown that if no general definition is agreed upon, then there is rarely any opportunity to formulate a joint plan for concerted action (Lidskog et al., 2011; Palmer, 2012) . In this case, however, the workshop shows that there seems to be agreement about the problem as such, and also agreement about why it is so hard to handle. Thus, there seems to be an opportunity to take a few steps forward.
As mentioned above, from the perspective of a risk governance approach, three processes are particularly relevant to rendering complex issues governable: handling an issue and reducing its complexity, tying the issue to geographical administrative jurisdiction, and assigning responsibility and capabilities to particular actors. Based on the data collected in the structured dialogue (stakeholders' perspectives on and assessment of the issue), we will elaborate on how a risk governance approach can contribute to making the Hg issue governable.
Risk: reducing complexity
The aim of risk regulation is to manage risk by establishing boundaries for what is acceptable and developing systems for risk control (Hood et al., 2001) . Uncertainties need to be managed, which mainly is done through scientific activities, such as measuring and monitoring. These practices transform uncertainties into calculable risks. Several of the stakeholders stressed that there was a lack of knowledge about both the situation and what measures might be appropriate to undertake. "We don't dare to create new routines when the effects are unclear," as one of them put it. As with many other environmental problems, scientific support in the form of effect studies is crucial for mobilizing action and changing practices (Bijker et al., 2009; Lidskog, 2014) .
Even if more science is needed, it will probably not be enough to handle the uncertainties associated with the Hg issue. This is because there are large uncertainties in calculating forestry effects with regard to Hg bioaccumulation and the extent to which findings from one catchment are valid for another catchment (Eklöf et al., 2016) . The influence of an intervention may differ dramatically depending on where a forestry operation is located relative to the stream network, as well as on soil structure, soil chemistry, topography, weather, and wetness. Conditions such as temperature, deposition, and potential ground frost during the harvest have also been suggested as influencing the degree of disturbance (Eklöf et al., 2014) . Thus, while science is crucial, it will probably not be able to provide certainty about what to do in specific cases, at least not in the short term.
There are other ways to handle uncertainties than using scientific methods. One common way is to acknowledge uncertainties, thereby making them transparent for stakeholders and opening up a space for discussion of what risks and costs should be seen as acceptable. Uncertainty is thereby handled by delimiting the scope of the regulatory object, placing certain aspects in the center while disregarding others. In this case there is a need to take decisions with explicit reference to both scientific knowledge and fundamental principles and values (Gieryn, 1999) . By drawing boundaries for what is acceptable and developing systems for controlling risk, even issues to which great uncertainty is attached can be made manageable. Thus, more scientific knowledge is needed, but also more dialogue and deliberation by the organizations involved in the regulation.
Scale: tying environmental issues to administrative jurisdiction
Although environmental issues are increasingly understood as transboundary risks, to be governable they must be tied to administrative-geographical jurisdictions. By ascribing specific spatial characteristics to a problem, actors implicitly advocate a certain way of handling the problem, as well as who should be included in the regulatory process. Thus opportunities for, as well as restrictions on, action are created by determining appropriate temporal and spatial boundaries for the issue at stake; on what scale should it be regulated? Should specific milestones be established? In the workshop, the stakeholders unanimously stressed that a restricted spatial and sectorial focus on Swedish forestry is sub-optimal. The Hg export from Swedish forestry should be placed in a broader spatial and temporal perspective; otherwise many of the factors contributing to the problem of Hg in fish will not be addressed and regulated.
In the discussion, the stakeholders also voiced the need for national policy integration, giving two main reasons. First, a number of governmental agencies (see footnote 1) are currently responsible for Hg issues, but their responsibility is fragmented across scales and levels. Thus there is too little coordination of activities to integrate the areas of responsibility into a more holistic approach. Secondly, there is a tension between the collective aspects of the WFD, which primarily focuses on catchment areas, and the need to consider how land ownership (public, private, and corporate) defines the responsibilities of individual actors.
The way forward for the jurisdictional issue is not to tie management to a particular scale and administrative body, but rather to stress the multi-scalar and multi-sectoral character of the Hg issue, which implies that actions and responsibilities need to be differentiated. In this way the incentives, motivations, and opportunities for action may increase for the Swedish forest sector, though with the understanding that it is not the only sector that has to address this issue.
Responsibility: developing capacities
To make an issue governable, it is not sufficient to reduce its complexity and construct a spatial identity for it. It is also necessary to identify which actors are to be seen as competent to handle the issue and decide which ones should be responsible for it. This is often implicitly done. Reducing the complexity and shaping the spatial identity of an issue often has substantial implications for what tasks, mandates and responsibilities are assigned to various actors. This results in certain organizations being seen as central to the regulatory work and others as less relevant. When it comes to the Hg issue, because science cannot easily provide certain and robust knowledge, and the issue can be ascribed a multi-scalar identity, it is crucial to allocate responsibility. Thus, while the problem of Hg in the forest landscape is a challenge that needs to be handled, it is also an extremely complex task that involves not only developing relevant and viable countermeasures but also allocating responsibility.
In the workshop, the stakeholders shared the view that the Swedish forest sector should bear some but not all of the responsibility for solving the problem. They all agreed that even if the Hg was originally delivered by airborne emissions (as well as natural sources), forestry nevertheless should be responsible for reducing the increased terrestrial export of Hg to aquatic environments caused by forestry operations. Also, the discussion in the workshop stressed that, on a fundamental level, it is a question of tradeoffs. Forestry makes many positive contributions (readily visible from an ecosystem services perspective), and efforts to reduce Hg mobilization must always be weighed against negative impacts resulting from these efforts.
As with many other environmental problems, there is a need for contributing actors to take responsibility and develop plans for action. The challenge is to determine the level of responsibility that forestry should take for minimizing its contribution to the bioaccumulation of Hg in the aquatic environment. Forestry cannot avoid responsibility altogether, but should share it with other actors. The stakeholders stressed the importance of not blaming forestry for a problem largely caused by others. Instead the importance of revealing opportunities for constructive action was stressed. Even if these actions will not be sufficient to solve the entire problem, they demonstrate that the forest sector is ready to take partial responsibility and try to handle the problem.
Discussion and concluding remarks
Before we discuss the potential to apply a risk governance perspective to the empirical issue of forestry's influence on aquatic Hg as a way to make the issue governable, we will reflect on the specific method that we used to collect data. We will continue by discussing the possible need to revise the current regulatory system in Sweden and the EU, and conclude by elaborating on the wider relevance of this particular case.
Method: structured dialogue process
A transdisciplinary method has been used, consisting of a structured dialogue with actors from relevant governmental agencies, forest companies, and forest associations. This has its strength and weakness, but as a first step toward finding shared views of a problem and possible ways forward it is a relevant and reasonable method (Mårald et al., 2015) . Important to note, however, is that the structured dialogue was centered on a very restricted (though complex) issue, namely forestry's role in bioaccumulation of Hg in aquatic ecosystems. It is also important to note that the aim was not to modify or widen the involved stakeholders' different views, but to explore how they conceptualize and evaluate the problem, and to discuss ways forward for handling this issue, all without neglecting its complex contested character.
It became obvious during the workshop that when analyzing environmental regulations, actors' understandings of an issue cannot be disregarded. It is their interpretation and evaluation of an issue -including values as well as knowledge -that motivates their actions, especially if the regulatory regime to a large extent is based on soft instruments rather than strict legislation. This makes a participatory dialogue process even more fruitful when approaching complex issues, as in this particular case. This is also supported in the literature, where studies have shown that collaborative processes can be used to identify, discuss, and contextualize uncertainties, conflicting goals, and divergent values, as well as to give direction to the handling of the problem (Mårald et al., 2015; Norton, 2005) . However, since the participants in the workshop had the role of experts on water quality within their respective organizations, it is not certain that the views expressed by the participants are identical to those of the organizations they represent (Boström and Uggla, 2016) . "There is a tension between those of us who are working with the water issue and those who are not," a participant mentioned in passing. The reason for this is that specialists are better informed and do not have to balance a broad array of tasks. "The issue is not at the center of attention for the organization, but is a piece of the great puzzle of water management," as one participant put it. This may also explain why there was no strong disagreement among the participants; they all had knowledge about how to minimize forestry's contribution to Hg exports from forest soils to aquatic ecosystems, and felt a sense of responsibility to do so. Obviously, inviting other stakeholders -such as environmental organizations -would probably have resulted in a wider collection of standpoints and also disagreements. However, the aim of the workshop was only to approach those organization that are responsible for regulating the issue or changing their practices (public agencies and forest owners) in order to explore viable ways to handle the issue.
From established objectives to provisional solutions?
Restricted rational-technical and hierarchical approaches to regulation and decision-making, where the priority is to find measures to reach specific targets and goals, have many times proven to be a dead end when facing complex problems. One reason for this is the lack of certain and robust knowledge, together with a lack of clear and viable objectives whose implementation does not get in the way of other established objectives. This means that particular actors have to take too large a share of the responsibility for problems caused by a wider category of actors. For situations where no universal and consensual solution is possible, risk governance has been developed to search for acceptable provisional solutions, where the aim is to take a step in the right direction rather than to find a universal solution or reach a predefined goal. By reducing complexity, shaping spatial identity and allocating responsibility, a risk governance approach tries to make things happen, to get stakeholders involved in regulatory processes aiming for change.
However, as was stressed by the stakeholders in this study, the legally established goal of good chemical status -which essentially all of Sweden's water bodies fail to meet with respect to Hg concentrations -may be counter-productive. Regardless of how far forestry will go in reducing effects of forest management on Hg bioaccumulation, those efforts will not lead to goal-attainment. Therefore it is necessary for the European Union to decide how to harmonize the implementation of the WFD regarding Hg in aquatic ecosystems. A particular problem is that the WFD does not include forestry and forestry-related issues (Futter et al., 2011) . Another problem is that only a few countries so far, including Sweden, are reporting Hg in aquatic biota. The EU must decide whether to require all countries to report on Hg in the biota; this might show a widespread failure to reach good chemical status and in turn may lead to modification of the objective of good chemical status, or at least pave the way for a more intermediate target and broader responsibilities. This also relates to Sweden's environmental quality objective 'a Non-Toxic Environment,' which is far from being successfully implemented, because it is impossible to reach in practice.
Relevance for other/wider issues?
The wickedness of the Hg issue reveals a substantial gap between policy objectives, defined in EU terms as "good chemical status" or in the Swedish context as a "non-toxic environment," and the ability of traditional sectoral governance modes (including management by objectives) to achieve these policy objectives. In that sense, this case is not unique. More generally, the Hg problem represents a class of difficult issues for forestry (as well as for agriculture) where landscape-based production has impacts on a greater spatial scale. This means that regulating the more direct impacts of forestry needs to be weighed against the implications this regulation may have for the overall issue of ecosystem services. The situation is similar for climate-related policies as well as for many other general environmental issues that are characterized by being difficult or impossible to solve due to incomplete, contradictory, and changing requirements that are often difficult to reconcile.
To be able to close the gap between policy and governance/management, it is therefore necessary to apply alternative approaches capable of producing provisional and agreed-upon solutions in anticipation of better ones, especially as this is often better than business as usual. This study has suggested that risk governance, with its more reflexive and dynamic approach to both governance processes and their outcomes, may provide decision-makers and stakeholders with such an alternative. By gradually developing a knowledge base which will spill over into how we define the regulatory object -thereby reducing complexity, identifying a spatial identity, and allocating responsibilitywe may successively achieve better outcomes. However, the development of a risk governance approach has to be accompanied by more efficient mechanisms for policy integration and adaptive management, and the application of more holistic geographical planning perspectives, for instance using landscape or ecosystem approaches.
as producers' cooperatives, owned and managed by the members of each association. The central organization is LRF Forestry, The Federation of Swedish Family Forest Owners.
SCA Forest (SCA skog) is Europe's largest private forest owner with 2.6 million hectares of forest. The company is part of the SCA Forest Products business unit, which produces paper for newspapers, magazines, and catalogs, as well as pulp, sawn timber, packaging, and renewable energy. Timber from the company's own forests accounts for 50% of the business unit's total wood consumption. Wood from other Swedish forests represent 32%. SCA Forest also offers services that cover the entire range of forest owners' needs -from the making of forest management plans to planting, forest management, thinning, and final felling.
Södra is the largest forest-owner association in Sweden and is an international forest industry group. Its operations are based on responsible forestry and on industries where they convert the raw material into sawn timber, paper and green energy.
The Swedish Forest Agency (Skogsstyrelsen) is the national authority in charge of forest-related issues. Its main function is to promote the kind of management of Sweden's forests that will enable the objectives of forest policy to be attained.
The County Administrative Boards (Länsstyrelse) are the representatives of the National Government at the regional level. The boards are responsible for ensuring that decisions from Parliament and the Government are implemented at the county level. The board has a broad area of responsibility, including environmental issues. The task of the boards is to coordinate these and other areas of public responsibility to achieve efficient solutions for a sustainable development.
The Swedish Agency for Marine and Water Management (Havsoch vattenmyndigheten) is a government agency that works for healthy seas, lakes, and streams for the benefit and enjoyment of all. It is responsible for managing the use and preventing overuse of Sweden's marine and freshwater environments. It takes into consideration the needs of the ecosystem and of people, both now and in the future.
The Swedish Environmental Protection Agency (Naturvårdsverket) is the overarching public agency responsible for environmental issues in Sweden. It carries out assignments on behalf of the Swedish Government relating to the environment in Sweden, the EU, and internationally. The Agency's remit is threefold: compiling knowledge and documentation (to develop the agency's own environmental efforts and those of others); developing environmental policy (by providing the Government with a sound basis for decisions and by giving an impetus to EU and international efforts); and implementing environmental policy (by acting in such a way as to ensure compliance with the Swedish Environmental Code and achievement of the national environmental objectives).
